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Appendix B: NPEF Tasks

1. Subtask 1 -- Assessment of LightSquared Terrestrial Broadband System Effects on
Civil GPS Receivers and GPS-dependent Civil Government Applications

Task Statement

Document LightSquared’s Ancillary Terrestrial Component (ATC) and related user equipment
signals and antenna specifications and characteristics, GPS receiver specifications and
characteristics (e.g., Radionavigation-Satellite Service (RNSS) receiver characteristics submitted
to the International Telecommunication Union (ITU)), and future spectrum environment
considerations.

LightSquared Ancillary Terrestrial Component (ATC) Technical Parameters
LightSquared plans for three spectrum phases:

e Phase 0: One 5 MHz channel : 1550.2 MHz- 1555.2 MHz, 62 dBm EIRP per 5 MHz
channel

e Phase 1: Two 5 MHz channel : 1526.3 MHz -1531.3 MHz & 1550.2 MHz - 1555.2 MHz,
62 dBm EIRP per 5 MHz channel

e Phase 2: Two 10 MHz channel : 1526 MHz -1536 MHz & 1545.2 MHz - 1555.2 MHz,
62 dBm EIRP per 10 MHz channel

Currently, LightSquared plans to transmit in L-band (1525 MHz -1559 MHz). LightSquared has
stated that their intention is to always operate ATCs at least 4 MHz away from the GPS band, at
1559 MHz. Using LTE technology (OFDM, orthogonal frequency division multiplex
modulation), each 10 MHz channel will have 1 MHz internal guard band, including 500 KHz on
each side of the channel. LightSquared plans to deploy 20W per channel per sector. Each sector
will have two transmit chains so a total power of 40W per sector per channel will be transmitted
from each base station tower. Given there are three sectors, that results in a total of 120W per
tower per channel. In LightSquared plans for spectrum Phases 1 and 2 there will be two channels
so the result is 80W per sector or 240W per tower. Further, LightSquared plans to deploy a
maximum of 62 dBm EIRP per channel and with two channels per sector, total EIRP per sector
will then be 65 dBm per sector. Vertical cross polarization will be used for ATC transmissions.

Table 1-1. LightSquared Deployment Phases
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Figure 1-1. ATCt Base Station Transmit Antenna Patterns
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ATCt Base Station
e Max. fundamental EIRP: 42 dBW (total in occupied bandwidth)
e Max. unwanted EIRP: -100 dBW/MHz (1559-1610 MHz)
e *Modulation: 4 MSPS RRC QPSK, 5.0 MHz occupied bandwidth
e *Highest carrier freq. 1552.7 MHz
* *Antenna height: 30 m (* from SC-222 WP053)

The distance between transmitters depends on type of morphology around each site as well as
other capacity and coverage considerations. LightSquared expects that the distance between
transmitters would typically be:

e Dense urban environment: 0.4-0.8 km
e Urban environment: 1-2 km
e Suburban environment: 2-4 km

e Rural environment: 5-8 km
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Figure 1-2. LightSquared Planned Spectrum Phases
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for LTE 10 MHz)
LightSquared normalized QOBE

(Right sideof Tx -band - all reguiations)
-40 . : T
| | :
-50 ' |
' - |
| |
-60 Ay ﬁ a |
11 , |
I | |
B | R j
] f : || i I . '
-80 T 1*1 Tl [ 1 n : L T -
| | [ HIH I |
i 11 | | i | | |
Bl 1 R O
i i ; . (I [ i

-100 + "

1860  TO 1830 1680 1700 1710 1720 1730 1740 7R3 17&D
Frequancy [Mhz)

Figure 1-6. LightSquared OOBE Requirements (normalized to dBm/Hz right side from 1660.5
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International Civil Aviation Organization (ICAO) Standards and Recommended Practices
(SARPs) [5].

The majority of airborne antennas are active. Some key performance requirements include:

e Passive element gain - The minimum specified gain of the passive antenna component for
elevation angles at or above 5 degrees is -5.5 dBic. RTCA recommended installed
antenna gain models for minimum and maximum gain for the purposes of interference
analysis are provided in [6] and summarized in Figure 1-7 and Figure 1-8 below.

e Axial ratio - Although airborne antennas are nominally right hand circularly polarized,
axial ratio is only controlled at boresight (zenith), where it is specified to be less than 3.0
dB. Like most low-profile GNSS antennas, airborne antennas tend to be approximately
linearly (vertical) polarized at low elevation angles with typical axial ratios exceeding 15
dB near the horizon.

e Active antenna subassembly gain — at least 26.5 dB from the passive antenna output port
to the output port of the active antenna.

e Input 1 dB compression — see Figure 1-9 below for minimum performance, with the level
referenced to the output of the passive antenna

e Filtering requirements — see Figure 1-10 for minimum attenuation vs frequency (note that
the active antenna is required to provide a 3-dB bandwidth of at least 15 MHz).
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Figure 1-7. Minimum and Maximum Installed Airborne Antenna Gain Above the Horizon
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Figure 1-10. Antenna Frequency Selectivity Requirements

To satisfy operational performance requirements, airborne antennas must comply with many
other low-level specifications that are too numerous to summarize here. See [3,4]. These include
specifications on group delay differential vs. frequency, group delay differential vs. direction of
signal arrival, environmental conditions, burnout protection, power supply interfaces. Airborne
antennas also must be low-profile. Maximum and minimum cabling losses between the airborne
antenna and the receiver would also need to be considered in light of the signal operating
environment. A common form factor for airborne GPS antennas is specified in [7]. This form
factor calls for a conformal antenna that is 4.7 x 2.9 x 0.75 in’, with the height dimension (0.75
in) only accounting for the portion of the unit protruding above the fuselage.

2.2 Airborne Receivers

Current-generation civilian airborne receivers used for IMC navigation all rely on the GPS C/A-
code signal broadcast at 1575.42 MHz (L1), and typical receivers have 3-dB pre-correlation
bandwidths ranging from 2 to 20 MHz. WAAS-capable airborne receivers additionally rely on
L1 C/A-like signals that are broadcast by geostationary satellites, which provide differential
corrections and integrity data to the aircraft from a ground network. LAAS airborne receivers are
provided differential corrections and integrity data from a very high frequency (VHF) datalink.

Well over 100,000 airborne GPS receivers have been sold to date in the United States.
Approximately 60,000 of these include both GPS and WAAS functionality. Typical GPS
equipment for large air transport aircraft are redundant (two or three) multi-mode receivers
(MMRs). These receivers are referred to as multi-mode, because they also provide other
navigation sensor functionality (e.g., Instrument Landing System [ILS], very high frequency
omnirange [VOR], and marker beacon). They are connected via an aircraft bus to external
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Table 1-2. ICAO GNSS Performance Requirements

Operation Horizontal/  Inregrity Horizontal/  Time-to- Continuity  Availability
Vertical Level Vertical alert
Accuracy Alert Limit
- (95%) e ra— S , e
En-route 3.7 km 1-1x107/h 3.7to7.4 5 min 1-1%x10%h  0.99to
N/A km 1o 0.99999
S = = NA L1x10h
Terminal 0.74 km 1-1x10"/h 1.85 km 15s 1-1x10"/h  0.999 to
N/A N/A to 0.99999
W e ) _1-1x10%m
Non-precision 220 m 1-1x107/h 556m 10s 1-1x10"7h  0.99 10
approach N/A N/A to 0.99999
diiaitanc 1-1x10%h y
Approach with 16 m 1-2x107 40m 10s 1-8x10%in  0.99 to
vertical guidance 20 m /approach 50m any 15 s 0.99999
(APV)-1 S S e —
Approach with 16 m 1 -2x107 40 m 6s 1-8%10%in  0.99 to
vertical guidance 8m /approach 20m any 15 s 0.99999
(APV)-II .
Category I 16 m 1-2x107 40 m 6s 1-8x10"in  0.99 to
4 to 6 m /approach 10 to 35 m any 15 s 0.99999
Source: [5]

Airborne equipment are required to meet all of the applicable performance specifications in the
presence of interference up to those levels shown in Figure 1-11 for standalone GPS/WAAS, and
GPS/LAAS airborne equipment and Figure 1-12 for older airborme supplemental navigation GPS
equipment. (Note that these interference levels are system level, i.e., they must be met by the
receiver/antenna combination for the installed equipment, and are referenced to the output port of
the passive antenna whether the antenna is passive or active). For interference centered at
frequencies within the range of 1553.8 — 1593.8 MHz, the maximum tolerable interference levels
for standalone GPS, GPS/WAAS and GPS/LAAS avionics specified in [11,14,16] are a function
of the bandwidth of the interference (presumed to be noise-like with a rectangular power spectral
density). The bottom curve in Figure 1-11 over this range of frequencies is for continuous-wave
(CW; i.e., tone) interference, and the top curve in this figure for interference with 1 MHz
bandwidth. For interference at center frequencies outside of the range of 1553.8 — 1593.8 MHz,
only CW levels are specified.
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Figure 1-11. Maximum Tolerable Interference Levels for Airborne GPS/WAAS Equipment
(referenced to the passive antenna output port)
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Figure 1-12. Maximum Tolerable CW Interference Levels for Airborne Supplemental
Navigation GPS Equipment [8]
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